Objective-To determine the effects of residual pulmonary regurgitation on exercise tolerance after complete repair of tetralogy of Fallot.
Abstract
Objective-To determine the effects of residual pulmonary regurgitation on exercise tolerance after complete repair of tetralogy of Fallot.
Design-Prospective study of symptom free patients more than five years after complete repair. Graded exercise performance was Patients-16 patients were studied. Two patients had been excluded because of residual cardiac lesions or inadequate data from cardiac catheterisation. Four were later excluded because they failed to reach a respiratory quotient of >1 0 during graded exercise.
Results-There was a significant negative correlation between the degree of residual regurgitation and both total duration of exercise and maximal heart rate achieved. Maximal heart rate and total duration of exercise were significantly lower in the patients than in normal controls. Patients with an abnormal maximal oxygen uptake (less than 85% of the predicted normal value) had significantly greater residual pulmonary regurgitation than those in whom oxygen uptake was normal.
Conclusions-Impaired exercise capacity after complete repair of tetralogy of Fallot is directly related to the degree of residual pulmonary regurgitation. These data should be taken into account when deciding the optimal timing and nature of corrective surgery.
To achieve complete relief of obstruction of the right ventricular outflow tract relation between the degree of impairment of exercise and the heart size on chest radiography, which led them to speculate that residual pulmonary incompetence may be related to exercise ability after operation. 5 We The total duration of exercise was significantly lower in the patients (13 4 (2 7) v 18 4 (3 2) min, p = 0-0004). Maximal heart rate was also lower (180 (17) v 197 (6) beats/min, p < 0 01), as was maximal oxygen uptake (48 (8 8) v 52 (7-1) ml/kg/min), although this failed to reach significance. Five patients but only one control failed to reach 85% of the predicted value for maximal Vo2, suggesting an abnormal response in these subjects." Ventilatory anaerobic threshold tended to be lower in the patients (36 9 (4 6) v 39 5 (4 7) ml oxygen kg/min), but this difference also failed to reach significance. between the pressure gradient across the right ventricular outflow tract and total duration of exercise (r = -0-55, p = 0-012), which almost certainly reflected the relation between pulmonary regurgitation and gradient (see above) rather than being directly linked to the modest residual obstruction in most of the patients.
There was no significant relation between the regurgitant fraction and either maximal oxygen uptake or ventilatory anaerobic threshold. Figure 2 shows that in the five patients in whom the Vo2 was less than 85% of the predicted normal value the pulmonary regurgitant fraction was significantly higher than that in the remainder of the group (43 (13) v 19 (18), p < 003).
Discussion
This study shows a clear relation between the degree of residual pulmonary regurgitation and reduced exercise tolerance in patients after complete repair of tetralogy of Fallot.
Our data confirm the findings of previous studies and show that, when compared with normal subjects, these patients have a reduced maximal exercise tolerance.7 The reason for this has, to date, remained unclear. Right ventricular enlargement and a reduced ejection fraction have been shown in several studies34 but these variables in themselves do not seem to be related to exercise ability. The link between exercise ability and pulmonary regurgitation has not previously been examined in detail. This is because of the difficulty in measuring accurately the amount of regurgitation present in individual patients.
PRESSURE-VOLUME RELATION
None of the patients included in the analysis had appreciable tricuspid regurgitation or residual ventricular septal defect.
The right ventricular end diastolic pressure ranged from 2 to 13 mm Hg (median 6 mm Hg), and only one patient had a pressure gradient across the right ventricular outflow tract of more than 22 mm Hg (table) . Analysis of the pressure-volume loops showed that the right ventricular ejection fraction ranged from 44% to 63% (median 57%). Considerable pulmonary regurgitation was present in all but two of the patients, ranging from 0% to 58% of the total stroke volume. There was a significant relation between the degree of pulmonary regurgitation and the gradient across the outflow tract (r = 0 49, p = 0 025), reflecting this increased stroke volume. There was no significant relation between the pulmonary regurgitant fraction and right ventricular end diastolic pressure, ejection fraction, or normalised peak rate of ventricular filling or emptying.
EXERCISE FUNCTION AND PULMONARY REGURGITATION
There was a significant relation between the degree of pulmonary regurgitation and both duration of exercise (r = -0 43, p < 0-05) and maximum heart rate (r = -0 46, We recently described a new method of assessing pulmonary regurgitation from analysing right ventricular pressure-volume loops.8 Our data showed that increased right ventricular volumes, but not ejection fraction, were linearly related to the degree of residual regurgitation. Wessel et al's data are interesting in this regard.5 They showed that reduced exercise capacity in patients after operation could be related to the heart size measured from the chest radiograph. They speculated that this may in turn reflect the degree of pulmonary regurgitation present and suggested a possible link between residual pulmonary regurgitation and intolerance to exercise in these patients.
Our results confirm that this is indeed the case. Pulmonary regurgitation had a deleterious effect on exercise capacity in our patients, whom we studied at least five years after complete correction. The reduction in total duration of exercise and maximum heart rate were both directly related to the degree of regurgitation. In the subgroup of patients with an abnormal maximal oxygen uptake, pulmonary regurgitation was significantly greater than that in the patients in whom maximal oxygen uptake was normal."
These results have obvious clinical implications. Residual pulmonary regurgitation is clearly undesirable, and efforts to reduce it may benefit patients, exercise ability in the longterm after complete repair. Whereas our data suggest a similar relation between residual obstruction of the right ventricular outflow tract and exercise capacity, the residual gradient was less than 25 mm Hg in 11 of the 12 patients. These modest gradients are almost certainly directly related to the degree of pulmonary regurgitation with its consequent increase in stroke volume rather than representing haemodynamically important obstruction. Indeed, there was no relation between more severe obstruction and exercise ability in the patients studied by Wessel et al. ' These data may influence surgical decision making. Some residual obstruction of the right ventricular outflow tract may be more desirable than complete relief of obstruction at the expense of increased pulmonary regurgitation. The potentially harmful effects of a high right ventricular to left ventricular pressure ratio soon after operation cannot, however, be ignored." An alternative approach is to place a homograft monocusp in the right ventricular outflow tract. Although this technique probably reduces early regurgitation, the function of these valves in the longer term is unknown. Our department is currently investigating this.
Frequently a transannular patch will be required to ensure adequate relief of obstruction of the right ventricular outflow tract in patients with tetralogy of Fallot. If a monocusp valve is not inserted there may well be free pulmonary regurgitation. This must be taken into account when considering the trend towards earlier, usually primary, complete repair during infancy. The frequency of applying transannular patches is undoubtedly higher in young infants'4 and though there may be theoretical advantages to earlier surgery, the documented adverse effects of chronic pulmonary regurgitation on both exercise performance and the incidence of late arrythmias cannot be disregarded.' Although we followed up our patients for five to 12 years after operation, the potential effects of chronic pulmonary regurgitation in the longer term need to be examined. These patients will require careful extended follow up.
In summary, we have shown a direct relation between the degree of pulmonary regurgitation and impaired exercise ability in patients after repair of tetralogy of Fallot. This must be taken into account when deciding the optimal timing and nature of corrective surgery.
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